ABSTRACT: Four novel compounds (1−4) with an unprecedented skeleton that combines a sesquiterpene lactone and a kaurane diterpene acid were isolated from Helianthus annuus L. var. Arianna extract, which was obtained under supercritical conditions. The structures of 1− 4 were elucidated by NMR and MS analyses. The biosynthetic routes involve sesquiterpene lactones and kauranic acid, both of which were previously isolated from this species.
W e recently published a phytochemical study of a supercritical fluid extract (SFE) of Helianthus annuus L. var. Arianna obtained under conditions selected by bioactivity and yield. 1 The extract afforded 52 substances that belonged to 10 different chemical classes, which were mainly sesquiterpene lactones, diterpenes, and flavonoids. Four new compounds were described for the first time. The SFE technique proved to be a useful tool to obtain bioactive extracts that contained a number of bioactive compounds from this cultivar. Four additional compounds were subsequently isolated, but their structures appear to be very different from those previously identified.
We report here the isolation and structural elucidation of compounds 1, 2, 3, and 4 from the leaves of H. annuus L. var. Arianna collected in June 2009 during the third growth stage of the plant. 2 SFE extraction was carried out in the same way as the study outlined above, and the method is described in the Supporting Information. The dried extract (7.0 g) obtained by the fractionation process (SFE) was chromatographed to afford compounds 1−4, all of which have an unprecedented skeleton that combines a sesquiterpene lactone and a kaurane diterpene acid ( Figure 1 ). There are many recent reports where kaurane diterpenes 3 and sesquiterpene lactones 4 are isolated from sunflowers and their biological properties tested.
Compound 1 appeared to be a mixture of a sesquiterpene lactone and a kaurane diterpene. After numerous attempts to separate the two compounds, we decided to acquire a mass spectrum, which contained a molecular ion peak at m/z 695.3793. This mass is consistent with the molecular formula C 40 H 54 O 10 (calcd for [M + H] + 695.3795). Thus, compound 1 is not a mixture but a single compound with two well differentiated halves.
The sesquiterpenoid half gave very similar 1 H and 13 C NMR spectra to those of helivypolide L, 1 which was previously isolated from sunflower extracts. Together with differences in the chemical shifts of the H-5 and H-6 signals, the main difference was the absence of H-15 as a hydroxymethylene group, which led us to consider that the union between the two structures was at C-15. The HMBC spectrum allowed us to assign H-15 at δ H 2.02 (Table 1) . Differences between the 13 C NMR spectra were also observed for chemical shifts corresponding to C-4 and C-15 (δ C 82.5 and 28.4, respectively)
Regarding the diterpenoid half, the spectroscopic data were very similar to those of 16α-hydroxy-ent-kauran-19-oic acid, except for the signal of C-17′ (δ C 29.9 for 1 and δ C 24.4 for 16α-hydroxy-ent-kauran-19-oic acid). 5 This finding could indicate that C-15 of the lactone is bonded to C-17′. This hypothesis was confirmed by the HMBC spectrum, where correlations between the signals from the lactone and the diterpene were observed. Thus, H-15 correlated with C-3, C-4, and C-17′, whereas H-17′ correlated with C-16′, C-15′, C-13′, and C-15. A ROESY experiment was carried out in an effort to determine the stereochemistry at C-4 of the lactone. H-15 showed correlations with H-5 and H-6. This observation is consistent with a β-orientation of the hydroxyl group attached to C-4, whereas an α-orientation would only correlate with H-6 ( Figure 2) . Moreover, H-17′ from the diterpene showed an effect with H-5 from the lactone. Since a clear NOE was not observed for H-17′, the configuration of C-16′ was assigned as α-hydroxy due to the similarity between the spectrum and that of 16α-hydroxy-ent-kauran-19-oic acid (see Figure 1 ). This compound was named helikaurolide A (1).
A second compound, helikaurolide B (2), was isolated in a smaller amount (3.1 mg). The HRESI TOF MS of 2 showed a similar molecular formula C 40 H 52 O 9 (m/z 677.3701, calcd. for [M + H] + 677.3690), and this is consistent with the loss of a water molecule from 1. The 1 H NMR spectrum was very similar to that of 1, but some signals appeared to be shielded, especially those assigned to H-1 (Δδ = −0.45), H-2 (Δδ = −0.47), and H-6 (Δδ = −0.22). Nevertheless, the clearest differences were observed for the signals assigned to H-15 and H-17′, which were well differentiated and clearly defined. Additionally, COSY and NOESY correlations could be observed between these signals. These data indicated that 2 should be structurally very similar to 1, but with an oxolane ring constituted by C-4 and C-15 from the lactone half and C-16′ and C-17′ from the diterpene one. This structure was corroborated by the 13 C NMR spectrum, which contained analogous signals to 1, except for those assigned to C-4 (δ C 77.8; δΔ = −4.7), C-15 (δ C 33.0; δΔ = 4.6), C-16′ (δ C 84.5; δΔ = 3.2), and C-17′ (δ C 27.6; δΔ = −2.3).
The stereochemistry of 2 was identical to that of compound 1, since an NOE was observed between H-5 and protons H-15 and H-17′ in the NOESY experiment.
Helikaurolide C (3) (5.4 mg) was isolated as a gum, and its molecular formula was determined to be C 40 H NMR signals were very similar to those of helivypolide F (7), 6 except for H-15 (δ H 1.97 for 3 and δ H 4.05 for 7). Furthermore, the signal assigned to C-15 in the 13 C NMR spectrum appeared in the aliphatic carbon region (δ C 28.6) with no heteroatom attached.
The diterpenoid substructure signals were almost identical to those reported for ent-kaur-15-en-19-oic acid and its methyl ester. 7, 8 The main differences were related to the signals corresponding to C-17′ (δ C 27.6 for 3 and δ C 15.5 for ent-kaur-15-en-19-oic acid). The union between the two substructures seems to be between C-15 and C-17′. This situation was corroborated by an HMBC experiment, where correlations were observed between H-17′ and C-15, C-16′, and C-15′. The stereochemistry assigned at C-4 was that shown in Figure 1 since an NOE between H-4 and H-5 was observed in the NOESY experiment.
A small amount (4. C NMR and the shielding observed for the signal corresponding with C-17′ at δ C 25.8. These findings indicate a modification of the double bond at C-15 and C-16 with respect to that in compound 3, namely as an oxirane ring. This structure was confirmed by comparison with the spectrum of ent-15β,16β-epoxykauran-19-oic acid, 9 which was previously isolated from H. annuus. 1 The union of the two substructures between carbons C-15 and C-17′ was confirmed by the correlations between H-17′ and C-16′ and C-15 in HMBC spectrum.
The stereochemistry assigned to C-4 is that shown in Figure  1 , since the NOE between H-4 and protons H-5 and H-15, as well as with H-17′, were observed in the NOESY experiment.
Helikaurolides A−D (1−4) represent the first examples of compounds that consist of two substructures: a diterpene and a sesquiterpene lactone. Plausible pathways for this skeleton are shown in Schemes 1 and 2, and they involve starting materials (helivypolides K (5) and F (7), ent-kaur-16-en-19-oic acid (6), and grandifloric acid (8) ) that have previously been isolated from extracts of H. annuus. 1, 6 There is a great deal of literature concerning reactions in supercritical fluids that do not usually occur under more conventional conditions. 10, 11 To ensure that compounds 1−4 were not formed during the extraction process, we subjected helivypolides K (5) and F (7), as well as ent-kaur-16-en-19-oic acid (6) , to the same supercritical extraction conditions. After a similar time (3 h), compound 1, 2, or 3 could not be detected. This indicates that helikaurolides A−D belong to a family with a new skeleton and they are natural products that are not formed during the extraction procedure.
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